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The relational databases have been a standard 
way to store and query data for decades

Implementations are complex and polished

SQL is everywhere



Alternatives: existing and sought

• Network databases
• Object-relational mapping
• Main memory databases
• Nosql movement
• Document databases
• XML databases
• RDF, Sparql, semantic web
• Google Bigtable and MapReduce framework



Some major powers

Oracle: times ten memory database

Oracle: RDF query extension to SQL

SAP: in-memory database

IBM: research, experiments in sem web

HP: jena rdfs+owl system

Google: BigTable etc

MSFT: profile manager and

reinventing “own”RDF



Schema-less: obvious idea

Each row with N cols is represented as N rows of 
three columns, called sometimes as

• Row/Object id        Column name        Value

• Object                      Property                  Value

• Subject                     Predicate                 Object



Similar to key-value

Object                      Property                  Value

can be combined to 

Object:Property                              Value



Naive?



Schema-less is often inevitable

Read data from numerous sources, 

aggregate in our own database:

• We have no control over foreign data

• Our understanding of foreign data changes

• Our data sources change



Software is a part of an 
evolving society



Some case studies from security

CERT, Aarelaid and the global threat data 

• Many very different data sources

• Everybody has own format

• Everybody has own meaning of names/values

• Data sources added/changed/deleted

• Conversion has to be done on the fly using rules

• Complex analytical queries are run on the 
aggregated data



Back to the RDF(a)

People need schemaless databases. Yet:

• Schemaless databases are slow

• Schemaless databases need rules

• Standards/theory is evolving/changing fast

• Nobody is happy with what we currently have



The main, the only standard, ...

RDF(S): resource description framework

• Developed and pushed by W3C

• Cornerstone of the semantic web project

• Large number of systems supporting

• A lot of tools



RDF: triple not really a triple 

Object          Property         Value       Valuetype

With valuetype normally being either:

• One of xml schema datatypes

• Global id: URI

• Local id



RDF: some restrictions

Object          Property        Value      Valuetype

Object, Property, Valuetype: URI-s

Value: URI or literal value



Many representation syntaxes

• RDF/XML

• RDFa

• N3

• N-triples

• Turtle

• ....



Example in Turtle syntax

@prefix rdf: <http://www.w3.org/1999/02/22-rdf-syntax-ns#>. 

@prefix contact: <http://www.w3.org/2000/10/swap/pim/contact#>.

<http://www.w3.org/People/EM/contact#me>              

rdf:type     contact:Person; 

contact:fullName    "Eric Miller"; 

contact:mailbox       <mailto:em@w3.org>;    

contact:personalTitle   "Dr.".



How to add metadata to a row?

Like timestamp, changer, row id, status etc etc?

Horrible answer: reification



The ugly head of reification

We have

personid:12      salary      20000

Want to add timestamp and entering person?  



The reification way

From

personid:12            salary               2000     +   timestamp etc

To

datarow:10001       subject            personid:12
datarow:10001       predicate        salary
datarow:10001       object              2000

datarow:10001       timestamp      2009-10-20 13:45
datarow:10001       modifier          personid:345                   



From the relational db ...

One row, N cols in the relational db

First, get N rows of four cols in RDF

Second, get (N*3)+X rows of four cols after 
reification

N   12*N 



W3C container blunder

RDF provides a container vocabulary consisting of three 
predefined types (together with some associated predefined 
properties). 

A container is a resource that contains things. The contained 
things are called members. The members of a container may 
be resources (including blank nodes) or literals. RDF defines 
three types of containers:

• rdf:Bag
• rdf:Seq
• rdf:Alt



Problem:

Containers have no real semantics in RDF.

Container semantics would make calc hard.

Containers are fake, pointless temptations.



Local id-s problem

Different object id-s:

• Global URI-s. 

– These are fine.

• Local “blank nodes”.  

– Their semantics/use in the RDF spec is broken: 
creates unnecessary problems.



Storage in “common” db

Predicate, subject, valuetype URI-s: 

• keep a separate table for unique strings

• use numeric string id-s in 
pred,subject,valuetype



Storage in “common” db

Storing value? Can be int, float, string, URI, ...

Several ways, all bad:

• Encode everything as a string

• Encode everything as a number

• Use several columns for different (main) types



Sparql query language

PREFIX type: <http://dbpedia.org/class/yago/> 
PREFIX prop: <http://dbpedia.org/property/> 
SELECT ?country_name ?population 
WHERE { 

?country   a   type:LandlockedCountries ; 
rdfs:label   ?country_name ;   
prop:populationEstimate  ?population . 

FILTER 
(?population > 15000000 && 
langMatches(lang(?country_name), "EN")) . 

} ORDER BY DESC(?population) 



Rule languages for classification

• Simple language:  RDFa rules.
– ex:Van    rdfs:subClassOf    ex:MotorVehicle .

• Complex language: OWL
– SameIndividual:   f:male   g:masculine

– FunctionalDataProperty:    f:hasWife 

– InverseFunctionalDataProperty:    f:hasWife

– Class: f:ReligiousMarriage DisjointWith: 

f:CivilMarriage 

– Class: f:Marriage EquivalentTo: 

f:ReligiousMarriage OR f:CivilMarriage



Universal rule languages

• Based on first order logic: sugar and 
extensions added.

• Each rule engine has own language/features.

• Attempts to create standards:

– KIF

– ISO Common logic

– SWRL

– RuleML

– RIF



ISO Common Logic

Universe

Common 

Logic

Z (zed)

OWL/
RDF

Description 
Logics

Prolog

Conceptual Graphs



Several syntaxes, common meaning

()(Boy(x) ()(Girl(y) & Kissed(x,y)))

[@every *x] 

[If: (Boy ?x) [Then: [*y] (Girl ?y) (Kissed ?x ?y) ]]



Achieving semantic consistency

System A: (married Jack Jill)

System B: (married (roleset:(husband Jack)(wife Jill)))

A “understand” B? Provide equivalences.

(forall (x y) 

(implies  (married x y) 

(married (roleset:(husband x) (wife y))) ) )



W3C RIF: rule interchange format

Again, many syntaxes, common semantics

Document (

Prefix(cpt <http://example.com/concepts#>) 

Prefix(ppl <http://example.com/people#>) 

Prefix(bks <http://example.com/books#>) 

Group ( 

Forall ?Buyer ?Item ?Seller (

cpt:buy(?Buyer ?Item ?Seller) :- cpt:sell(?Seller ?Item ?Buyer)   )

cpt:sell(ppl:John bks:LeRif ppl:Mary)   ) ) 



Back to problems

• Most people are not happy 
with current RDF,  OWL or 
rule languages.

• RDF databases are slow, 
when compared to 
relational bases as they are 
commonly used.

• Rule systems are very slow.



Speed hopes

RDF is probably better suited for memory db-s

Locality is less critical in memory than disc:

– N cols in a row have better locality than N RDF 
rows of 4 cols

– Bigger hit for disc based systems than memory 
systems

Rule systems are too slow on a disc db: need 
pure, rule-optimised memory db



Drop triples for N-tuples

Reification is bad.

Put metadata directly into the data row.

Example case:

• ELIKO project: technology for contextual 
information and user profiles. 

• Concrete subproject: intelligent tourist 
recommendations system



RDF+ schema

Proper RDF data 

• Object id (uri reference id)

• Value name (uri reference id)

• Value (encoded in a large numeric)

• Value type (uri reference id)

Metadata on the same row

• Row id (integer)

• Validity start date/time

• Validity end date/time

• Context (uri reference id)

• Trust (integer)

• Timestamp of last modification

• Source id (uri reference id  of a web page, database, etc)



Floating suggestions for RDF+

More “ordinary” logic/database system

• N-tuples

• Drop reification

• Drop containers

• Drop restriction that the 

subject and predicate

must be URI-s

• Drop “blank nodes”

• Simplify value types

• Add negation
See also http://www.slideshare.net/PatHayes/rdf-redux





Database without explicit semantics

• Single record shows related values only

Name Position Yrs Experience Degree Major Percent Stock

Karen Jon es VP M arke ting 18 MBA Market ing 3

Kevin Smith VP Technology 12 MSE Engineering 4

Kei th Wi lliams VP Fi nance 15 BS Acc ounting 3

É É É É É É



Database with added semantics


